The main objective of this paper is to evaluate the performance of the Computer-Aided Detection (CAD) system for automated nodule detection in lungs using CT scan images. The CAD system is applied to CT scans collected in a screening program for lung cancer detection. Each scan consists of a sequence of about 300 slices stored in DICOM (Digital Imaging and Communications in Medicine) format. All true nodules were detected and a very low false-positive detection rate was achieved. The automated extraction of the pulmonary parenchyma in CT images is the most important step in a CAD system. In this paper we describe a method, consisting of techniques which are helpful for the automatic identification of the pulmonary volume. The performance is evaluated as a fully automated computerized method for the detection of lung nodules in computed tomography (CT) scans
INTRODUCTION
The Lung cancer is the second most commonly diagnosed cancer and the lung is a most frequent site of metastasis from other cancers that manifest as pulmonary nodules. The Chest computed tomography (CT) is the most appropriate diagnostic imaging modality for the detection of lung cancer [1, 2] . Recently, CT techniques have been applied to screening for the detection of the lung cancer in high-risk populations and have been shown to be promising for detection of early lung cancers [3] . Thin-section three-dimensional CT of the thorax may allow us to evaluate small lung nodules automatically at early stages.
With sequential follow-up CT scans, early changes in nodule size and number can be assessed [4, 5] .
The thin-section CT scan generally generates a large data set, with typically 250-350 images of 1-mm section thickness, and it requires radiologists to spend a considerable amount of time interpreting the images to produce the appropriate results. As a means to reduce radiologists' workload, computer-aided detection (CAD) systems may be used. The automatic CAD systems also helps to improve a radiologist's performance in the detection of pulmonary nodules [6] without which, it would become a much time consuming process for the radiologist and the CAD systems automatically.
This systems hold promise for helping radiologists to increase detection sensitivity. For detecting pulmonary nodules, sensitivity is increased by performing thinner slices. Our study shows that compared with a radiologist interpreting a reasonable number of medium-slice thickness images, there can be an increased detection of pulmonary nodules by the addition of CAD using thinner slices
The main characteristic to diagnose malignant nodules is their growth over time. Algorithms are already being developed to do temporal comparisons on follow-up studies. All the detected nodules would be automatically assessed to see if they have increased in volume and at what rate. This feature probably will greatly enhance the diagnostic value of CAD systems in CT screening for early lung cancer.
CAD software is useful to supplement radiologists' detection performance. However, at present, it is not adequate as a standalone procedure. Furthermore, all suspected lesions detected by CAD must be interpreted by radiologists to rule out falsepositives. In the future, temporal comparison should further improve the usefulness of CAD in the early detection of lung cancer.
EXTRACTION OF PULMONARY PARENCHYMA
The background of the pulmonary parenchyma is first removed (i.e., the pixels with the same grey level as the lungs but located outside the chest) from the image to avoid confusion. This is due to the high similarity between the grey levels of the lungs and the image background. It cannot be simply applied by using a Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Thresholding technique; instead an ad-hoc operator is used which, starting from the four corners of the image, moves along the four directions identifying as background pixels those pixels whose grey level is within a pre-fixed range.
When a pixel value is found outside the range (out pixel), then it analyses for few more pixels in the scan direction. If any such of the pixels have values within the range then both these pixels and the out pixel are marked as background pixels and the scan goes on to be continued. These images produced by the operator are converted to binary images by means of some specific technique like thresholding technique that uses either a static or a dynamic threshold depending on the lung zone.
To be more specific, the ct scan slices of images are classified into three groups corresponding to the upper, middle and lower parts of the lung volume. In the first and last groups the lung image represents a smaller percentage of the slice than in the second group. By using a dynamic threshold, determined through an iterative procedure, for the slices of the lung middle part is determined empirically for all other slices. The Threshold operates to produce each slice which is transformed into a binary image where the foreground, i.e., the object we are interested in, consists of the lungs and all the rest is background.
NODULE DETECTION
The Lung nodule detection is a very difficult step in every CAD system development. Actually, in CT lung images, nodules are frequently attached to blood vessels or to the pleura; and also the grey tone is so similar to vessel sections that traditional intensity-based methods are inappropriate. Instead, an effective nodule detection algorithm must take both the grey level and the object shape into account. In our CAD system we adopt a method that uses 3D shape information to identify spherical regions with a given grey level. Following the approach described in [7] , the idea is to distinguish spherical from cylindrical (typically blood vessels) shapes analyzing a shape index (SI), defined in terms of 3D characteristics, extracted from sets of voxels with grey level in the range of the nodule intensity. In the past decade, various CAD systems have been proposed for the detection of pulmonary nodules on CT images. The majority of CAD systems were developed and evaluated on single-detector row CT images with 5-10-mm section thickness, while more recent systems were assessed with thin-section single or multi-detector row CT images. The sensitivity for detecting nodules with reported CAD systems varied from 38% to 100%, and the false-positive detections per case ranged from 1 to 75. The performance of CAD systems appears to be highly associated with the section thickness (or reconstruction interval) and seems to be better on thin-section than on thick-section CT images.
AUTOMATED NODULE DETECTION METHOD
The CAD system consists of CAD server and CAD workstation. The CT data are transferred from the CT scanner to the CAD server over the DICOM protocol [10, 11] . The CAD server accepts and analyzes the scans by segmenting the lung parenchyma from the vessels, mediastinum, and chest wall. Other techniques are used to include lesions that may be touching the chest wall. The CAD workstation is user controlled. The findings of CAD are presented in three windows on the monitor the original 2D axial images and a lung nodule map.
The suspected lesions are circled on the nodule map. When these circled nodules are clicked with the mouse, the appropriate axial slice will appear, with the suspected nodule encircled [12] . Also, the appropriate region on the 3D window appears with the suspected nodule colored. The 3D image can be rotated and otherwise modified for the radiologist to decide if it is a true nodule or not. The size, volume, and density of the nodule are . After a corrected lung boundary was determined displayed on the left. A nodule can also be added by the radiologist and it will be surrounded by a hexagon. The size, volume, and density are also determined by the CAD system.
Radiologist and CAD Performance
The location of the true nodules was classified as follows [7, 8 and 9] . A sub pleural nodule had pleural contact. A peripheral nodule was within 2 cm of, but not touching, the pleura. A hilar nodule was within 2 cm of the hilum. A central nodule was situated between the peripheral and hilar zones. The nodules were separated into the following three groups by diameter: less than 4 mm, greater than or equal to 4 mm but smaller than or equal to 10 mm, and greater than 10 mm. We also classified them into "solid" pulmonary nodules and "nonsolid" pulmonary nodules using the peak H of -100.
EXPERIMENTAL RESULTS
The performance of the CAD system was evaluated in terms of nodule detected (especially additional nodules detected) and the number of false-positives per CT study. There are several cases where the radiologist would have missed to find the lung nodule without using the CAD system. As shown in example figure 4 , the lung nodule is found with the help of automatic detection of the CAD.
The radiologist detected 518 nodules and the CAD system detected 934 nodules. Among the 1, 106 separate nodules detected, there were 628 that were true nodules on consensus review. Of the true nodules present, the radiologist detected 518 (82%) of 628 nodules and the CAD, 456 (73%) of 628 nodules. All 518 radiologist-detected nodules were true nodules and 456 (49%) of 934 of CAD-detected nodules were true nodules. The radiologist missed 110 true nodules that were only detected by CAD. CAD identified 478 lesions that on consensus review were false-positive nodules, a rate of 3. 19 (478 / 150) per patient. Of those, there were 110 (17. 5%) true nodules, accordingly to the database considerations of the real time environment in the hospital. Actually, the following step of analysis of the lung's internal structure, aimed at lesion detection and diagnosis, works on the identified pulmonary regions. After extracting the pulmonary parenchyma, a region growing method is applied to detect nodules based on 3D geometric features.
The figure 1 describes the binary image illustrating the lung region and the figure 2 and 3 are the descriptions showing the lung boundary region before and after correction and these steps are taken into account for the detection of the nodules using CAD. An automated CAD program that takes advantage of thinsection volumetric data of multi-detector row CT images for the detection of pulmonary nodules is developed. This is organized to systematically detect nodules of different types in terms of their locations or adjacent anatomic structures. The results of our preliminary study demonstrated that a CAD system could detect pulmonary nodules, including small ones, with high sensitivity and a relatively low false-positive detection rate. Such a system may assist radiologists in the interpretation of CT images, particularly for lung cancer screening. Figure 4 shows the nodules detected only by CAD system
CONCLUSION
This paper describes a CAD system for automated detection of pulmonary parenchyma, and nodule detection for lung cancer. This paper presents and discusses the results of the method applied to computed-tomography (CT) examinations performed in a screening program for early detection of lung cancer. The results achieved by applying the system to a database, which is the information collected from a real time environment of hospital, of CT scans for digital images have been judged definitely well by experienced chest radiologists. In particular, as regards nodule detection, all malignant nodules were detected and a very low false-positive detection rate was achieved.
Lung Nodule Detection in CT Scans is an active area of research which is continuously emerging and there are many enhancements that can be included to make more efficient. CAD software is useful to supplement radiologists' detection performance. However, at present, it is not adequate as a standalone procedure. Furthermore, all suspected lesions detected by CAD must be interpreted by radiologists to rule out falsepositives. In the future, temporal comparison could further improve the usefulness of CAD in the early detection of lung cancer. 
